The Patient Protection and Affordable Care Act (PPACA) recommends using quality metrics, such as 30-day readmissions, to drive quality improvement. 15 Over the next 3 years, penalties for excessive readmissions will rise from 1% to 3% of Medicare base reimbursements for inpatient services for select admitting diagnoses. 5 The Hospital Readmissions Reduction Program, a project of the PPACA, has begun a pilot program to identify excess readmissions for acute myocardial infarction, heart failure, and pneumonia. 7, 19 Penalties for excessive readmissions may come to include all covered procedures.
While several studies have examined early readmission rates for a range of medical conditions, rates after surgical intervention remain understudied. In neurosurgery, readmissions studies have focused on spinal procedures and have been institution specific, estimating an early readmission rate below 10%. 1, 2, 18, 26, 29 To our knowledge, a comprehensive evaluation of neurosurgical readmissions for cranial procedures does not exist. In this observational study, we report rates of 30-day all-cause readmission following cranial neurosurgery and provide information about the relationship between patient and hospital characteristics, and the risk of readmission following cranial neurosurgery.
methods data source
Patient discharges between 2010 and 2011 were identified in the Agency for Healthcare Research and Quality, Healthcare Cost and Utilization Project, State Inpatient Databases (SIDs) for California, Florida, and New York.
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The SIDs contain all discharges for inpatient admissions from nonfederal hospitals in the respective states. These 3 states were chosen because of data availability, state population, and state diversity.
Hospital-level information was linked to the discharge database using the American Hospital Association's 2008 Annual Survey Database (AHA). 16 City and county information in the AHA 2008 Annual Survey Database was used to determine the hospital's National Center for Health Statistics' (NCHS') 2006 Urban-Rural Classification Scheme level.
21 Neurosurgical residency status was based on an online list of training programs (http:// www.aans.org/Young%20Neurosurgeons/Medical%20 Students/Residency%20Directory.aspx).
Cohort Definition
Patients 18 years of age or older who had undergone a cranial neurosurgical procedure were identified within the SIDs by using ICD-9-CM procedure codes (Appendix). The patient's earliest admission with a procedure code was considered the index admission. For index admissions, we used ICD-9-CM diagnosis codes to establish 4 cohorts based on procedure indication: neoplasm, seizure, vascular, and trauma. Patients who underwent cranial neurosurgery but did not fall into any of the above groups were excluded from the study. Transfers to other shortterm hospitals were considered continuations of the index visit, and disposition and discharge date were taken from the last record in the transfer sequence. Exclusion criteria included missing linkage variable, missing discharge date, missing hospital data, discharge in the last quarter of 2011, and an age < 18 years, > 90 years, or missing.
outcome variables
Thirty-day all-cause readmission was our primary outcome of interest. Readmissions are defined as the first unplanned inpatient admission within 30 days of discharge from the index visit. Readmissions for aftercare, follow-up examination, or administrative purposes (primary ICD-9-CM codes: V5*, V67*, or V68*) were not considered unplanned admissions. Patients who died during the index admission or during aftercare visits were not eligible for readmission. Patient race was categorized as white, Hispanic, black, and "missing or other." Primary expected payer was categorized as private, Medicare, Medicaid, or other. Comorbidities were identified for each patient at their index visit using the Elixhauser comorbidity index.
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Nurse/patient ratio was calculated using standardized methods. 27 Hospital volume was defined by totaling surgical volume for each diagnosis in each hospital in each year studied and by determining tertile groups. Patient living area was defined by the NCHS as rural (micropolitan, small, and medium counties) or urban (large central or fringe metropolitan counties).
statistical analysis
Fisher's exact test was used to identify patient-and hospital-level characteristics associated with 30-day readmission rates in each diagnosis group. Characteristics with p < 0.1 in the univariate analysis were included in logistic regression models developed for readmission status for each diagnosis group. Statistical analyses were performed using Stata version 11 SE (StataCorp LP). This study was determined to be exempt from institutional review board approval. A p value ≤ 0.05 was significant. Table 3 reports on patient outcomes. Inpatient mortality was highest for vascular admissions and lowest for neoplasm admissions (19.30% vs 1.87%, respectively, p < 0.001). Thirty-day all-cause readmissions were 17.27% for neoplasm, 13.89% for seizure, 23.89% for vascular, and 19.82% for trauma (p < 0.001). In all diagnosis groups, patients returned for readmission to their index hospital less than 43% of the time. Vascular and trauma patients had longer hospital stays (13.9 and 13.0 days, respectively) and greater total charges ($199,317.40 and $188,130.30, respectively) than neoplasm patients (8.0 days and $131,136.40; p < 0.001). Vascular and trauma patients were more likely to readmit earlier (9.4 and 9.5 days, respectively) than neoplasm patients (12.18 days; p < 0.001). We investigated this issue further, finding that for vascular and trauma cases, many readmissions occurred within the first 5 days; for neoplasm cases, there was a less steep decline over time ( Fig. 1) .
results
For neoplastic conditions, the probability of readmission was increased for blacks (OR 1.21, 95% CI 1.03-1.42) and Hispanics (OR 1.16, 95% CI 1.01-1.32) compared with whites and was increased for Medicare payer (OR 1.24, 95% CI 1.09-1.40) and Medicaid payer (OR 1.33, 95% CI 1.15-1.54) compared with private payer (Table 4) . Patient sex influenced readmissions, increasing rates for males (OR 1.19, 95% CI 1.09-1.31). Rates were also higher for patients with congestive heart failure (OR 1.40, 95% CI 1.04-1.88), paralysis (OR 1.27, 95% CI 1.11-1.46), diabetes (OR 1.15, 95% CI 1.01-1.30), metastases (OR 1.37, 95% CI 1.21-1.56), and electrolyte disorder (OR 1.44, 95% CI 1.29-1.62). Patients were at an increased risk of readmission if their index admission for the procedure came through the emergency department (OR 1.22, 95% CI 1.10-1.35). Hospital characteristics were not associated with increased or decreased rates of readmission.
For seizure conditions, readmissions increased with male sex (OR 1.74, 95% CI 1.17-2.60) and age (OR 1.02, 95% CI 1.01-1.04; Table 4 ). Patients originally admitted through the emergency department were more than twice as likely to have a readmission (OR 2.22, 95% CI 1.45-3.43), as were patients with paralysis (OR 2.10, 95% CI 1.28-3.46). A high nurse/patient ratio was associated with a lower rate of readmission (OR 0.88, 95% CI 0.79-0.98) for these patients.
For vascular conditions, readmissions increased with male sex (OR 1.10, 95% CI 1.00-1.22), black race compared with white race (OR 1.18, 95% CI 1.02-1.36), and Medicare payer compared with private payer (OR 1.21, 95% CI 1.05-1.39; Table 4 ). Patients discharged from hos- Table 4 ). Common diagnoses for readmission varied among diagnosis groups, but septicemia, postoperative infection, pulmonary embolism, and urinary tract infection were common diagnoses for readmission across all groups. Pa- tients with vascular and trauma indications had a high rate of readmissions for hemorrhage (Table 5) .
discussion
In our population-based study of cranial neurosurgical procedures, we found 30-day all-cause readmissions ranged from 13.89% in seizure cases to 23.89% in vascular cases. Patient characteristics, such as race, primary expected payer, and patient comorbidities, were often associated with 30-day readmissions, whereas hospital characteristics were generally not associated with readmissions. Among the patients readmitted, postoperative complications were among the top primary diagnoses. Our study offers evidence that neurosurgical readmission rates vary greatly by underlying procedure indication and that many readmissions are the result of surgical complications.
placing our results in context
Our reported readmission rates for cranial neurosurgical procedures are substantially higher than previously reported estimates. Previous neurosurgical studies have focused mainly on spinal procedures and have reported readmission rates below 10%. 18, 26, 29 However, our approach to capture readmissions was more inclusive and captured patients who were not readmitted to the site of their index visit. Many of the previous studies were site specific and only captured readmissions at the site of the index procedure. Our data set allowed us to identify patients who were readmitted to any hospital within the state of their index procedure; our data showed that less than 43% of patients were readmitted to the site of their index procedure, regardless of diagnosis group. Our approach more accurately captured the real incidence of patient readmission and the accurate costs within a given state system. This improved accuracy allowed more careful identification of factors contributing to higher reported readmission rates.
patient characteristics
The most consistent predictive factors associated with 30-day all-cause readmissions in our models were patient comorbidities. In particular, patients with congestive heart failure, paralysis, and electrolyte/fluid disorders were far more likely to have a readmission than were patients without these comorbidities. Index admission to an inpatient bed through the emergency department was also highly predictive of readmission in most cases. Among patients with Medicare or Medicaid insurance, we found an increased readmission risk in neoplasm and vascular cases. While we do not know the mechanism for this increase, it is possible that patients with private insurance have better access to other health care facilities (for example, primary care facilities and clinics), which may reflect decreased rates of readmission to the inpatient setting. While factors such as patient comorbidities, payer, and route of admission are not modifiable, they may help clinicians to better identify patients at higher risk of readmission and take measures to decrease the likelihood of an unnecessary readmission. We identified only one modifiable factor that may decrease the risk of readmission: a high nurse/ patient ratio for seizure patients. Further studies on these variables are needed to better understand their association with inpatient readmission. Our study identified patient factors (for example, white race and private insurance payer) that were consistently associated with a decreased probability of readmission. Medicaid payer, in particular, was associated with an increased risk of readmission in some cases, lending credence to those who suggest that low socioeconomic status correlates with higher health care spending 6 and those who are currently investigating that question.
22 Factors, such as hospital size, surgical volume, and location, were all investigated, with no significant associations found. Furthermore, patients discharged from hospitals associated with neurosurgical residencies were not found to have a higher or lower risk of 30-day readmission; patients undergoing procedures at trauma centers similarly did not see an increased or decreased risk of 30-day readmission.
Modifiable Factors
More evidence is required to identify the factors that may lead to improved outcomes, particularly modifiable factors. Some of our data suggest that many readmissions identified in our study are potentially preventable complications: postoperative infections, urinary tract infections, pneumonia, and pulmonary emboli. These data support previously published literature on patient safety event and risk of readmission and extend this research to include site-specific procedures. 20, 25 Further investigation into adverse events associated with readmissions may reveal the extent of these "preventable" readmissions, which may advance progress in quality improvement.
study limitations
Our study has several limitations, for example, the use of administrative data to track quality improvement. As we used all-capture state data sets, we are confident that these sources provided accurate numbers on hospital readmissions within a state. A frequent limitation of administrative database studies is nuance in the coding of similar diagnoses and procedures. 10 We believe this is a minor issue in our work, as the diagnosis groups we established based on primary diagnosis are fairly distinct and thus not prone to that sort of error. However, the clinical picture of each patient in our data set is limited to diagnosis and procedure codes, and the nuances of each patient's experience cannot be captured in such a study, as administrative database studies may inadequately capture secondary diagnoses. 24 Our study may also be understating the risk of readmission for neurosurgical procedures, as the data do not capture patients who die outside the hospital after their procedure or seek additional treatment in another state.
conclusions
In summary, our study is the most comprehensive look to date at 30-day all-cause readmissions for cranial neurosurgery in hospitals for both old and young adults. Our results showed that readmission rates vary greatly by procedure indication. Factors associated with an increased readmission risk included patient characteristics such as race and comorbidities; however, the characteristics most associated with an increased risk of readmission are not modifiable by hospitals or physicians. These baseline readmission rates are the beginning of standardized measures and will inform quality improvement programs in the future. 
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